Purpose: The difference in salivary flow rates between non-removable partial denture (RPD) wearers and regular RPD wearers is not well investigated. The purpose of this study was to examine the change in salivary flow rate after the insertion of dentures in elderly patients, especially for those with a shortened dental arch (SDA). Factors associated with the changes were also investigated. Subjective measures of oral dryness were also assessed to investigate changes in the amount of individual salivary flow associated with denture usage.
Introduction
Removable partial dentures (RPDs) and dental implants are widely implemented to rehabilitate missing teeth and oral function. Especially, RPDs are used with great frequency because of their applicability to various classifications of partially edentulous arches at a lower cost than implant therapy. However, some patients abandon the use of RPDs for various reasons: intolerance of poorly fitting dentures(1); or because of pain, food trapping, and the feeling of a foreign body in their mouth (1, 2) . In some cases, a denture defect was related (3) . As a result of the removability of RPDs, the patient can ultimately decide whether or not they will use them. Yeung (4) reported that approximately half of subjects reported constant usage of their dentures or one of their dentures for 5 to 6 years. To phrase it another way, half of the patients refrain from using their dentures, even though they have missing teeth yet to be treated. Especially, patients lacking only molars (Kennedy class I/II) are presumed to masticate without dentures because of the above reasons. The oral functions of subjects with shortened dental arch (SDA) did not differ significantly from subjects with an SDA and RPD (5) .
Masticatory performance was not significantly different among RPD wearers and non-wearers in cases with unilateral and bilateral missing free ends (6) .
SDA patients demonstrate significantly lower occlusal forces and occlusal contact areas than those with complete natural dentition and RPD patients (7) . In addition, RPD wearers showed better masticatory performance and ability and reduced masticatory time than those without prostheses or SDA patients without RPDs (8) . Although the evidence supports the advantages of wearing dentures, the pros and cons of the SDA concept still remain unclear, and further parameters should be investigated to clarify this question.
Studies indicate that salivary flow is associated with both age and gender (9) (10) (11) (12) . However, no study has investigated the difference in salivary flow rate between non-RPD wearers and regular users. The effects of RPD intervention in non-RPD wearers in terms of salivary flow changes are also unclear. An unstimulated salivary (US) flow rate below 0.1 mL/min and stimulated salivary (SS) flow rate below 0.5 mL/min are classified as hypofunction (13, 14) . A low salivary flow rate results in a feeling of oral dryness, and is associated with symptoms such as burning and soreness of the mucosa, especially the tongue; difficulty with mastication, swallowing, and speech; impairment of taste; painful ulcers; difficulty wearing dentures; and increases in the frequency and/or total intake of fluids (13) . These symptoms are related to subjective changes reported by patients; subjective assessment is also important when measuring the effects of RPD intervention in non-RPD wearers.
Thus, the purpose of this study was to examine pre-and post-denture insertion salivary flow rates in non-denture wearing elderly patients to determine the effect of RPDs on salivary flow, especially for patients with an SDA. Subjective measures of oral dryness were also assessed and analyzed to determine if denture use affects subjective oral dryness.
Material and Methods
Study design, sampling procedures, and ethical considera- The study protocol and consent form for this trial were approved by the human ethics committee at Nihon University School of Dentistry at Matsudo (EC11-026).
Study subjects
Subjects were eligible if they were aged from 65 years to 80 years, those with an SDA who had at least 12 intact teeth in the anterior region (15) , Kennedy class I or II partially edentulous patients (including maxilla, mandible or both) wearing existing dentures, and those without dentures at least 1-month. The study participants possessed an adequate understanding of written and spoken Japanese, and were able to understand and respond to a test questionnaire.
After a preliminary examination, patients were excluded if they exhibited symptoms of orofacial motor disorders, severe oral manifestations of systematic disease, psychoactive drug user or psychological or psychiatric conditions that could influence their response to the study.
All patients who met the criteria and accepted the conditions of the study gave informed consent, and were then grouped into those wearing existing dentures at the study commencement (WD, n=33; 15 men and 18 women; mean age, 69.9 years) and those without dentures (WD, n=21; 6 men and 15 women; mean age, 70.7 years).
Clinical procedures and follow-up
The hospital prosthodontist treated and delivered the RPDs to the ND patients using a fabrication procure described elsewhere (16) . All of the denture design was based on the principles of the cross arch stabilization. The adjustment of the dentures was concluded when both the clinician and patient agreed to terminate the procedure. The ND subjects returned for follow-up visits at 1 month postdelivery, calculated from the day on which the subject left the clinic with their new denture (17, 18) . The WD subjects returned for follow-up visits at 1 month, calculated from the day of their preliminary, baseline examination.
Outcomes
Unstimulated saliva (US) and stimulated saliva (SS) US and SS were collected between 9:00 AM and noon.
Prior to the collection of saliva, the subjects were instructed to refrain from food and beverage intake and smoking for 2 hours. Before the collection of US, the subjects were asked to sit in an upright position and swallow all the saliva in their oral cavity. They were then asked not to swallow for 5 minutes and to subsequently expectorate the accumulated saliva into a disposable cup after the session. SS was collected by the mastication method. For the collection of SS, subjects were asked to sit in an upright position and swallow all the saliva in their oral cavity. They were then asked to chew a piece of salivary gum without taste or odor (HORIBA, Ltd., Kyoto, Japan) for 2 minutes at their own pace and subsequently expectorate the accumulated saliva into a disposable cup (17, 18) . Flow rates of whole saliva were expressed in mL/min. The collected data was assessed as an objective continuous assessment of saliva secretion.
Subjective oral dryness
The subjects rated their subjective oral dryness on a 100 mm visual analogue scale (VAS) at baseline and follow-up.
The VAS consisted of a horizontal 100-mm line anchored by words representing no dryness on the left of the scale (0) and dryness on the right (100). The questions consisted of five items (Table 1) , and data were recorded prior to US collection (19) (20) (21) .
Maximal occlusal force
Maximal occlusal force was measured using a commercially available detection system (DENTAL PRESCALE ® : 50H, type R, GC, Tokyo, Japan) consisting of pressuresensitive sheets and an analyzing computer (OCCLUZER ® : FPD707, Fujifilm Tokyo, Japan). All subjects were asked to sit upright and occlude on the DENTAL PRESCALE ® using their maximal clenching force for 3 seconds. The measurement was carried out for one session. Occlusal force and occlusal contact were analyzed by an OCCLUZER specially designed for the DENTAL PRESCALE ® system.
All outcome data were gathered at the baseline and 1month follow-up visits.
Statistical analysis
The differences between the groups in US and SS flow rates, subjective oral dryness, and maximal occlusal force were analyzed using a Wilcoxon rank-sum test. The differences between baseline and follow-up in US and SS flow rates were analyzed using a Wilcoxon signed-rank test.
The effects in the groups were adjusted for potential confounding factors (gender, age, number of residual teeth, maximal occlusal force, baseline salivary flow, and patient ratings) for salivary flow rate and for the subjective ratings using a multiple regression analysis. The level of significance was set to 5%, with the respective tests performed using StataTM version 7.0 (College Station, TX, USA).
Results

Characteristics of the subjects
The baseline characteristics of the two groups were generally comparable, but there were significant differences between the groups in the number of residual teeth (WD: 21.2±3.4, ND: 24.0±1.8, p=0.001). All subjects attended the follow-up session, resulting in a 100% follow-up rate ( Table 2) .
Unstimulated salivary flow rate and stimulated salivary flow rate
There was a significant difference between the WD and ND groups in US flow rate at baseline (WD: 0.12 mL/min, ND: 0.04 mL/min, p=0.007). At follow-up, there was no significant difference between baseline and follow-up in US flow rate (WD: 0.10 mL/min, ND: 0.08 mL/min, p=0.57) Table 1 Subjective oral dryness questions   Table 2 Comparison of baseline characteristics of WD and ND ( Fig. 1 ). US flow rates was a significantly different between the baseline and follow-up in ND group (baseline: 0.04 mL/min, follow-up: 0.08 mL/min, p=0.02) and WD group showed no difference between the baseline and follow-up (baseline: 0.12 mL/min, follow-up: 0.10 mL/min, p=0.33) ( Fig. 2 ). There were no significant differences between the groups in SS flow rate at baseline (WD: 1.20 mL/min, ND: 
Subjective of oral dryness
There was a significant difference (WD: 31, ND: 11, p=0.03) in the responses to the question rating mouth dryness between the WD and ND groups. While not statistically significant, there was a trend towards a reduction of tongue dryness in the ND group (WD: 25, ND: 12, p=0.09) ( Table 3) .
Maximal occlusal force
There was a no significant difference between the WD and ND groups in maximal occlusal force at baseline (WD: 
Potential confounders
The effects of differences in salivary flow rate among the groups were adjusted for potential confounding factors (gender, age, number of residual teeth, maximal occlusal force, baseline salivary flow, and patient ratings) and subjective ratings were assessed using a multiple regression analysis. US was significantly affected by the US flow rate at baseline (regression coefficient=0.57, p < 0.001, Table 4 ). 
Discussion
The purpose of this study was to examine the difference in salivary flow rate, occlusal force, and subjective assessments after the insertion of dentures in elderly patients with an SDA and to extract factors that impacted salivary flow rate. The results of this study indicate that the insertion of a denture in SDA patients without prior experience wearing dentures increased the US flow rate. The results also showed that subjective oral dryness was significantly lower in those that received an RPD for the first time.
A US rate below 0.1 mL/min is considered hypofunction (13, 14) . In this study, the median US rate for the WD group was 0.12 mL/min and 0.04 mL/min for the ND group at baseline. Obviously, the ND group demonstrated a lower salivary flow rate, which may cause various oral dysfunctions. However, the US rate increased to 0.08 mL/min after the insertion of dentures in ND patients. Wolff et al. showed that the unstimulated whole salivary flow rate increased significantly 2 days after the insertion of replaced dentures and was then decreased at 3 weeks, but remained significantly above the baseline value (18) . It was suggested that salivary flow rates might increase temporarily by stimulation from the denture itself. To preclude this stimulation, the follow-up period was determined as 1 month after the termination of denture adjustments.
The regression analysis showed that the US rate at the 1 month follow-up was significantly affected by the baseline US rate. However, group allocation had no effect on the US rate. This suggests that the WD and ND groups became equivalent in terms of salivary flow rate at follow-up, because the ND patients had changed their denturewearing behavior.
One unanticipated finding was that maximal occlusal force had no effect on US rate. Yeh et al. (22) showed that bite force was correlated with salivary flow. Matsuda et al. (17) showed that increases in salivary flow rate improved along with increases in occlusal force after the replacement of complete dentures. However, the findings of the current study do not support these previous results. These differences can be explained in part by the study conditions. Int J Oral-Med Sci 12(3):147-153, 2013 151 Table 3 Median between group comparison of subjective oral dryness at baseline and follow up (100 mm VAS) Table 4 Effect of potential influencing factors on unstimulated salivary flow rate at follow up
Our study subjects possessed certain numbers of remaining teeth, and their teeth maintained an occlusal force at a certain value; thus, the delivered dentures may have had a small influence on the improvement of occlusal force.
Therefore, it is possible that the increases in US rate in ND subjects may be caused by unknown denture factors, and also by increased occlusal force. Additionally, the present findings seem to be inconsistent with other research that found female subjects had lower salivary flow rates, because salivary glands of females are smaller than those of males (9, 10) . This may be due to the fact that the US rate at follow up was influenced by the baseline US values, regardless of age or gender.
Although a significant difference in US rate was observed at baseline, this study did not show any significant difference in SS rate between the WD and ND groups at baseline. An SS below 0.5 mL/min is considered hypofunction (13, 14) , but the median values in the WD and ND groups were both above 1.0 mL/min at baseline and at follow-up. Although the conditions differed, the findings of the current study may be consistent with those of Percival et al. (23) , who found that SS flow rates of parotid saliva were not significantly different in four age groups ranging from their twenties to their eighties, even though histomorphometric examinations ofnormalsalivary gland tissue observed decreases in the numbers of acinar cells in elderly individuals (24 research. Nevertheless, a denture intervention in those with no previous denture experience increased the US flow rate and improved subjective oral dryness.
Within the limitations of the present study, several questions remain unanswered, and further research should be performed to investigate the following issues.
Examination of the relationship between salivary flow rate and periodontal disease was not done in this study. Some study analyzed the relationship between salivary flow rate and periodontal disease, which still unclear with their relationship (25, 26) . This study compared a denture wearing group to a non-denture wearing group. However, the effect of RPD intervention is affected by several factors, e.g. denture wearing experience, residual teeth, and other factors. Further research should consider randomly allocating SDA subjects into RPD intervention and nonintervention groups. Another issue is the follow-up period, because the WD group rated their dryness as higher than the ND group, even though their salivary flow rates were higher. Further studies with a longer term follow-up will 152 Int J Oral-Med Sci 12(3):147-153, 2013 Table 5 Effect of potential influencing factors on subjective oral dryness at follow up need to be undertaken and their findings taken into account.
Nevertheless, this study has several important conclusions. These clinical findings may help us to better understand the salivary flow rates of SDA patients, and the findings have important implications for clinical decision making and treatment planning for SDA subjects in terms of the advantages of objective salivary flow increases and improvements in subjective oral dryness.
